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NATIONAL  FOREWORD 

This  Indian  Standard  (  Part  1  )  which  is  identical  with  ISO  1 1462-1  :  2001  'Guidelines  for  implementation 
of  statistical  process  control  (  SPC  )  —  Part  1  :  Elements  of  SPC  issued  by  the  International  Organization 
for  Standardization  ( ISO  )  was  adopted  by  the  Bureau  of  Indian  Standards  on  the  recommendations  of 
the  Statistical  Methods  for  Quality  and  Reliability  Sectional  Committee  and  approval  of  the  Management 
and  Systems  Division  Council. 

The  text  of  the  ISO  Standard  has  been  approved  as  suitable  for  publication  as  Indian  Standard  without 
deviations.  Certain  conventions  are,  however,  not  identical  to  those  used  in  Indian  Standards.  Attention 
is  particularly  drawn  to  the  following: 

a)  Wherever  the  words  'International  Standard'  appear  referring  to  this  standard,  they  should  be 
read  as  'Indian  Standard'. 

b)  Comma  ( , )  has  been  used  as  a  decimal  marker  while  in  Indian  Standards,  the  current  practice 
is  to  use  a  point  ( . )  as  the  decimal  marker. 

In  the  adopted  standard,  normative  references  appear  to  certain  International  Standards  for  which 
Indian  Standards  also  exist.  The  corresponding  Indian  Standards,  which  are  to  be  substituted  in  their 
place,  are  listed  below  along  with  their  degree  of  equivalence  for  the  editions  indicated: 

International  Standard  Corresponding  Indian  Standard  Degree  of  Equivalence 

ISO  3534-1  :  1993  IS  7920  (  Part  1  ) :  1994  Statistics  —  Vocabulary  Not  Equivalent 

and  symbols  :  Part  1  Probability  and  general 
statistical  terms 

ISO  3534-2  :  1 993  IS  7920  (  Part  2  )  :  1 994  Statistics  —  Vocabulary  do 

and  symbols  :  Part  2  Statistical  quality  control 

ISO  3534-3  :  1999  IS  7920  {  Part  3  )  :  1996  Statistics  —Vocabulary  do 

and  symbols  :  Part  3  Design  of  experiments 

ISO  9000:  2000  IS/ISO    9000    :    2000    Quality    management  Identical 

systems  —  Fundamentals  and  vocabulary 

The  sectional  committee  responsible  for  the  preparation  of  this  standard  has  reviewed  the  provisions  of 
ISO  3534-1  : 1 993,  ISO  3534-2  :  1 993,  and  ISO  3534-3  : 1 999  and  has  decided  that  the  corresponding 
Indian  Standards  should  be  used  in  conjunction  with  this  standard. 

In  addition  to  this  part.  Part  2  of  this  standard  dealing  with  a  catalogue  of  tools  and  techniques  is  under 

preparation. 

Annex  A  forms  an  integral  part  of  this  standard. 
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Introduction 

ISO  11462  provides  guidelines  for  the  implementation  of  a  statistical  process  control  (SPC)  system.  These 
guidelines  are  aimed  primarily  at  increasing  production  efficiency  and  inherent  capability,  and  reducing  interval  and 
cost. 

This  part  of  ISO  11462  provides  elements  to  guide  an  organization  in  planning,  developing,  executing,  and/or 
evaluating  a  statistical  process  control  system.  By  implementing  those  elements  deemed  applicable  and 
appropriate  by  customer  and  supplier,  an  organization  may  satisfy  a  requirement  to  adopt  a  comprehensive  and 
effective  SPC  system.  By  also  deploying  a  quality  system  with  the  aim  of  ensuring  that  products  and  services  meet 
customer  requirements  (such  as  the  system  defined  by  ISO  9001),  an  organization  can  improve  the  infrastructure 
so  as  to  help  hold  the  gains  from  its  SPC  system. 

This  part  of  ISO  11462  extends  the  definition  of  process  control  to  integrate  the  traditional  definitions  of  statistical 
process  control,  algorithmic  process  control,  and  model-based  control  methods.  These  are  different  approaches 
with  the  same  purpose  of  reducing  variation  in  both  products  and  processes. 

This  part  of  ISO  11462  also  extends  the  definition  and  usage  of  the  term  parameter  to  apply  to  a  process 
parameter  or  a  product  parameter;  and  to  recognize  that  a  product  parameter  can  be  either  an  in-process  product 
parameter  or  a  final-product  parameter.  Under  specified  conditions  of  measurement,  a  product  parameter  can  be 
equivalent  to  a  product  characteristic. 

Some  considerations  given  in  the  formulations  of  ISO  11462  are  the  following; 

a)  Elements  of  part  1  of  ISO  1 1462  guide  an  organization  in  how  to  implement  an  SPC  system.  Specific  tools  and 
techniques  that  experience  has  shown  useful  in  applying  these  elements  within  processes  will  be  listed  in 
part  2  of  ISO  11462. 

b)  Users  of  ISO  11462  should  be  aware  that  the  use  of  "should"  throughout  both  parts  of  ISO  11462  indicates 
that 

1)  among  several  possibilities,  one  or  more  are  recommended  as  being  particularly  suitable  and  effective, 
without  mentioning  or  excluding  others; 

2)  a  certain  course  of  action  is  preferred  but  not  necessarily  required  for  a  process  in  order  to  gain  the 
economic  control  of  production. 

This  choice  of  language  does  not  indicate  requirements  which  are  to  be  strictly  followed  in  order  to  confonn  to 
this  International  Standard  and  from  which  no  deviation  is  permitted. 


VO 
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Indian  Standard 

GUIDELINES  FOR  IMPLEMENTATION  OF 
STATISTICAL  PROCESS  CONTROL  (  SPC  ) 

PART  1  ELEMENTS  OF  SPC 


1  Scope 

Statistical  process  control  (SPC)  concerns  the  use  of  statistical  techniques  and/or  statistical  or  stochastic  control 
algorithnns  to  achieve  one  or  more  of  the  following  objectives: 

a)  to  increase  knowledge  about  a  process; 

b)  to  steer  a  process  to  behave  in  the  desired  way; 

c)  to  reduce  variation  of  final-product  parameters,  or  in  other  ways  improve  performance  of  a  process. 

These  guidelines  give  the  elements  for  implementing  an  SPC  system  to  achieve  these  objectives.  The  common 
economic  objective  of  statistical  process  control  is  to  increase  good  process  outputs  produced  for  a  given  amount 
of  resource  inputs. 

NOTE  1  SPC  operates  most  efficiently  by  controlling  variation  of  a  process  parameter  or  an  in-process  product  parameter 
that  is  correlated  with  a  final-product  parameter;  and/or  by  increasing  the  process's  robustness  against  this  variation.  A 
supplier's  final-product  parameter  may  be  a  process  parameter  to  the  next  downstream  supplier's  process. 

NOTE  2  Although  SPC  is  concerned  with  manufactured  goods,  it  is  also  applicable  to  processes  producing  services  or 
transactions  (for  example,  those  involving  data,  communications,  software,  or  movement  of  materials). 

This  part  of  ISO  11 462  specifies  SPC  system  guidelines  for  use 

—  when  a  supplier's  capability  to  reduce  variation  in  processes  associated  with  design  or  production  needs  to  be 
proven  or  improved;  or 

—  when  a  supplier  is  beginning  SPC  implementation  to  achieve  such  capability. 
These  guidelines  are  not  intended  for  contractual,  regulatory  or  certification  use. 

2  Normative  references 

The  following  normative  documents  contain  provisions  which,  through  reference  in  this  text,  constitute  provisions  of 
this  part  of  ISO  1 1462.  For  dated  references,  subsequent  amendments  to,  or  revisions  of,  any  of  these  publications 
do  not  apply.  However,  parties  to  agreements  based  on  this  part  of  ISO  11462  are  encouraged  to  investigate  the 
possibility  of  applying  the  most  recent  editions  of  the  normative  documents  indicated  below.  For  jjndated 
references,  the  latest  edition  of  the  normative  document  referred  to  applies.  Members  of  ISO  and  lEC  maintain 
registers  of  currently  valid  International  Standards. 

ISO  3534-1 : 1 993,  Statistics  —  Vocabulary  and  symbols  —  Part  1:  Probability  and  general  statistical  terms. 
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ISO  3534-2: 1 993,  Statistics  —  Vocabulary  and  symbols  —  Part  2:  Statistical  quality  controL 
ISO  3534-3:1 999,  Statistics  —  Vocabulary  and  symbols  —  Part  3:  Design  of  experiments. 
ISO  9000:2000,  Quality  management  systems  —  Fundamentals  and  vocabulary. 

3  Terms  and  definitions 

For  the  purposes  of  this  part  of  ISO  1 1 462.  the  terms  and  definitions  given  in  ISO  3534-1 ,  ISO  3534-2,  ISO  3534-3 
and  ISO  9000,  as  well  as  those  given  in  annex  A,  apply. 

NOTE  Annex  A  provides  a  glossary  of  explanatory  terms  and  definitions.  Some  of  these  terms  and  definitions  given  have 

been  based  on  those  given  in  references  [1]  and  [2]  of  the  Bibliography. 

4  SPC  applications 

4.1  Process  characteristics 

it  is  intended  that  elements  in  this  part  of  ISO  11 462  be  selected  based  on  their  applicability  and  appropriateness  to 
a  specific  process.  The  selection  of  SPC  elements,  the  order  in  which  an  organization  implements  these  elements. 
and  the  extent  to  which  the  elements  are  adopted  and  applied  by  an  organization  all  depend  on  factors  including: 
customer  needs,  market  being  served,  nature  of  product  or  service,  technology,  and  the  nature  and  speed  of 
production  and  transaction  processes. 

It  is  emphasized  that  the  SPG  system  guidelines  specified  in  this  part  of  ISO  11462  are  complementary  (not 
alternative)  to  both  technical  specified  requirements  (product-,  test-  or  service-specific)  and  quality  system 
requirements.  These  guidelines  specify  the  elements  that  are  recommended  to  be  included  in  SPC  systems.  It  is 
not  the  purpose  of  these  SPC  system  guidelines  to  enforce  uniformity  of  statistical  process  control  systems. 

These  guidelines  are  generic,  independent  of  any  specific  process,  industry  or  economic  sector.  These  guidelines 
are  intended  to  be  adopted  in  their  present  form  by  organizations  implementing  SPC.  On  occasion,  they  may  need 
to  be  tailored  by  adding  or  deleting  certain  SPC  system  elements  for  specific  circumstances.  The  phrases,  "where 
appropriate",  and  "where  applicable"  are  used  to  highlight  those  elements  whose  particular  application  is  expected 
to  be  more  process-dependent  or  more  market-sensitive. 

4.2  Production  characteristics 

This  part  of  ISO  1 1462  can  be  used  in  circumstances  when: 

—  variation  or  deviation  from  either  product  requirements  or  performance  to  a  target  value  may  occur; 

—  confidence  in  product  conformance  can  be  attained  by  adequate  demonstration  of  a  supplier's  capabilities  in 
design,  development,  production,  installation,  and/or  servicing. 

Production  characteristics  that  benefit  from  SPC  implementation  include,  but  are  not  limited  to: 

a)  design  and  development,  production,  installation,  and/or  servicing; 

b)  customized  or  mass  production; 

c)  short  runs  or  long  runs; 

d)  small,  medium  or  large-scale  production; 

e)  discrete,  batch,  or  continuous  processes; 

f)  transactions,  as  in  services,  information  or  communications; 
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g)     manual  or  automated  technologies  for  production,  assembly,  test,  or  communications; 
h)     first  pass  or  loops  for  rework,  repair,  reprocessing,  or  purging. 

In  this  part  of  ISO  11462,  references  to  a  product  include  service,  hardware,  processed  material,  software,  or  a 
combination  thereof,  such  as  an  information  or  communications  transaction. 

4.3    Techniques  for  control  and  models  of  processes 

SPC  elements  extend  to  techniques  applied  on-line  within  the  operation  of  the  process;  and  off-line  either  outside 
the  operation  of  the  process,  or  on  the  outputs  at  the  end  of  the  process.  These  elements  are  not  limited  to 
traditional  control  charting  techniques,  to  specific  models  of  process  data  involving  specific  distributions  or  to 
specific  patterns  of  correlation.  The  SPC  elements  can  be  applied  to  control  processes  regardless  of  the  tactics 
used.  Applications  include  automatic  controllers  for  continuous  and  batch  processes,  automated  editors  for  data 
inputs,  control  algorithms  for  timing  or  spacing  of  resource  inputs,  manual  maintenance  procedures  for  low  volume 
outputs,  and  analytical  procedures  such  as  control  charts.  A  supplier  may  use  statistical,  algorithmic  or  model- 
based  methods,  or  a  combination  of  such  methods.  The  choice  of  these  methods  will  depend  on  process  data 
availability,  model  availability,  business  needs,  as  well  as  the  relative  frequency  of  random,  unknown,  and 
assignable  causes  of  variation. 

5     SPC  objectives  and  organization 
5.1     SPC  objectives 

5.1.1  General 

Statistical  process  control  as  stated  in  clause  1  has  one  or  more  objectives,  distinct  from  those  of  statistical  quality 
control  and  important  to  emphasize: 

a)  to  increase  knowledge  about  the  process; 

b)  to  steer  a  process  to  behave  in  the  desired  way; 

c)  to  reduce  variation  of  final  product  parameters,  or  in  other  ways  improve  performance  of  a  process. 

The  common  economic  objective  of  statistical  process  control  is  to  increase  good  process  outputs  produced  for  a 
given  amount  of  resource  inputs. 

5.1.2  Specific 

Depending  on  the  market  being  served,  nature  of  product,  process  technology,  and  customer  needs,  effective 
implementation  of  SPC  reduces  cost  and  increases  profit  in  the  following  ways: 

a)  by  managing  the  process  most  economically,  with  the  aim  of  greater  consistency  and  improvement; 

b)  by  reducing  variation  around  target  values  in  either  a  final  product  or  process  output  parameter; 

c)  by  transferring  variation  in  an  in-process  product  parameter  to  a  controllable  or  manipulated  process  variable, 
and  compensating  for  variation  in  the  in-process  product  parameter  (used  in  some  control  engineering 
applications)  in  order  to  increase  consistency  in  final-product  parameters; 

d)  by  providing  signals  and  evidence  of  how  a  process  is  behaving,  and  how  it  is  likely  to  behave; 

e)  by  assessing  and  quantifying  what  quality  and  consistency  levels  the  process  is  currently  capable  of 
producing; 
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f)  by  identifying  when  to,  when  not  to  and  where  to  look  for  assignable  causes  of  variation  or  to  make  preventive 
process  adjustments; 

g)  by  pointing  to  potential  root  causes  of  variation  or  failure  modes  and  their  sources,  identifying  sources  of  poor 
yield  or  variability,  and  detecting  assignable  causes  of  variation  which  results  in  increasing  speed  of  detection 
and  in  reducing  troubleshooting  costs; 

h)  by  providing  information  that  helps  identify  when  assignable  causes  of  variation  are  present  which  results  in 
helping  to  reduce  or  remove  the  effects  of  these  assignable  causes  and  in  effectively  implementing  corrective 
action; 

i)  by  controlling  and/or  reducing  random  cause  variation  through  process  design  changes,  and  other  systematic 
changes  to  procedures; 

j)  by  increasing  knowledge  of  how  the  causes  of  variation  of  the  system  affect  the  process,  improvements  can  be 
made  to  the  process. 

5.2  Financial  motive  for  SPC 

The  strongest  motive  for  implementing  SPC  is  financial  so  as  to  increase  good  process  outputs  for  a  given  amount 
of  resource  inputs.  Ways  to  measure  financial  costs  and  benefits  of  SPC  implementation  against  an  alternative 
include,  but  are  not  limited  to: 

a)  collecting  producer  costs  such  as  cost  of  scrap,  screening,  rework,  equipment  repair,  downtime,  and  outages; 

b)  collecting  consumer  costs  incurred  over  the  life  cycle  of  the  product; 

c)  estimating  the  amount  of  business  and  jobs  lost  because  dissatisfied  customers  turn  to  competitors  or  refuse 
to  pay  a  premium  for  perceived  greater  quality; 

d)  estimating  benefits  to  other  parts  of  the  organization  (such  as  design  and  development,  marketing,  production, 
installation  and  servicing)  from  the  feedback  and  information  that  SPC  brings; 

e)  quantifying  benefits  to  all  parts  of  the  organization  from  faster  troubleshooting  and  greater  potential  for  process 
or  product  innovation. 

5.3  Relationships 

5.3.1  Relationship  between  traditional  and  automated  process  control 

The  general  SPC  objectives  are  shared  both  by  traditional  Shewhart  control  methods  and  by  automatic  process 
control  based  on  a  more  complex  model.  The  SPC  elements  can  be  used  either  to  reduce  variation  in  a  process 
parameter  or  a  process  output,  or  to  transfer  variation  to  an  adjusted  or  manipulated  process  input  (for  example,  as 
in  the  chemical  industry).  The  objective  of  reducing  variation  around  target  in  final-product  parameters  is  the  same 
whether  the  process  and/or  product  has  $pecification  limits. 

5.3.2  Relationship  to  final  product  conformance-to-specification 

SPC  helps  to  minimize  efforts  required  to  assure  final  product  conformance-to-specification  (such  as  screening, 
sorting,  sample  inspection,  100  %  inspection  and/or  testing)  in  the  following  ways: 

a)  identifying  cause-and-effect  relationships  between  final  product,  in-process  product  (or  process  output),  and 
process  input  parameters; 

b)  enabling  controls  to  be  set  up  as  early  in  the  process  as  possible; 

c)  minimizing  process  variation,  based  on  knowledge  acquired  from  a)  and  on  control  actions  taken  in  b)  above. 
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When  the  system  is  properly  executed,  SPC  is  used  to  identify  and  either  eliminate  or  dampen  process 
disturbances.  Depending  on  the  process's  characteristics  and  the  forces  driving  deviations  from  targets,  SPC  may 
not  completely  eliminate  the  need  for  some  screening  or  sampling  inspection  operations  to  detect  accidental 
disturbances  that  must  be  prevented  from  reaching  the  customer  (e.g.  operator  error  or  automatic  control  system 
interruptions,  or  later  problems,  such  as  handling  errors).  Extension  of  SPC  elements  to  more  widely  defined 
processes  affecting  quality  has  been  shown  to  minimize  costs  associated  with  such  screening  or  inspection. 

Depending  on  the  capability  and  stability  of  the  process,  and  on  the  level  of  nonconformity  risk  deemed  acceptable 
by  the  customer,  SPC  may  be  used  to  reduce,  for  example,  sample  size  and/or  sampling  frequency  associated  with 
process  data  collection  and  monitoring.  If  sample  size  and/or  sample  frequency  are  chosen  optimally,  and 
nonconformity  risk  decreases,  SPC  may  be  used  to  minimize  or  eliminate  screening  and  inspection  of  final  product. 
Accumulated  knowledge  acquired  from  SPC  data  can  guide  the  supplier  toward  a  reduction  in  the  operating  limits 
of  the  process.  In  turn,  this  reduction  results  in  less  product  variation  being  detectable  or  measurable  at  the 
customer's  site.  The  supplier's  organization  may  use  the  accompanying  cost  savings  and  competitive  advantage  of 
SPC  to  do  any  remaining  screening  or  inspection  in  a  more  efficient  way. 

Depending  on  progress  made  implementing  SPC  on  a  particular  project,  a  supplier  may  prove  the  product  meets 
specifications  with  one  or  a  combination  of  the  following: 

a)  quality  conformance  evaluations  and  acceptance  sampling  with  feedback  (algorithmic  or  procedural)  to  the 
process; 

b)  final-product  parameter  monitoring  and  control; 

c)  in-process  product  parameter  monitoring  and  control; 

d)  process  parameter  monitoring  and  control,  for  those  parameters  identified  as  correlating  with  final-product 
parameters. 

5.4    SPC  organization 

5.4.1     Organizing  for  SPC  implementation 

SPC  implementation  activities  such  as  process  data  collection,  process  control,  parameter  correlation  and 
capability  assessment/improvement  should  be  performed: 

a)  through  projects  selected  based  on  specific  criteria; 

b)  through  work  on  processes  linked  in  a  successive  stream  or  linked  in  a  product  supply  chain.  (For  example, 
this  may  be  done  by  choosing  a  final  product  parameter  and  organizing  SPC  efforts  focusing  on  one  set  of 
parameters,  then  moving  to  another  set  successively  upstream  in  the  supply  chain.) 

6     Conditions  for  statistical  process  control 

6.1     Management  support 

The  supplier's  management  should  document,  implement,  and  maintain  its  continuing  support  for  SPC.  This 
includes,  but  is  not  limited  to,  the  following: 

a)  improving  the  process,  based  on  periodic  review  of  both  SPC  results  and  audit  reports.  The  supplier  should 
ensure  that  management  SPC  policy  is  understood,  implemented  and  maintained  at  all  levels  In  the 
organization; 

b)  using  and  improving  data  to  drive  decisions  about  the  process; 

c)  supporting  recording  of,  and  reaction  to,  process  disturbances  and/or  out-of-control  points,  without  penalty; 

d)  appointing  and  supporting  SPC  coordination  responsibility. 
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6.2  Understanding  of  SPC  tools  and  methods 

The  supplier  should  design,  implement  and  review  programs  that  provide,  but  are  not  limited  to,  the  following: 

a)  awareness  in  SPC  tools  and  methods  for  all  employees  (including  management)  involved  with  SPC; 

b)  training  to  make  SPC  skills  appropriate  to  employees'  job  functions  and  to  their  interaction  with  the  process; 

c)  ensuring  sufficient  expertise  is  available  to  understand  the  objectives,  application,  and  risks  associated  with 
the  statistical  and  algorithmic  control  techniques  chosen. 

6.3  Quality  management  system 

To  help  preserve  the  benefits  of  the  SPC  system,  the  supplier  should  seek  to  establish  and  maintain  the 
infrastructure  of  a  quality  management  system,  for  example,  as  prescribed  by  applicable  ISO  9001  requirements. 

7     Elements  of  a  statistical  process  control  system 

7.1     Process  documentation  and  control  plan 

The  supplier  should  document  the  process,  the  system  of  measurement,  and  the  system  of  controls  in  a  control 
plan.  This  should  be  done  at  all  important  points  in  the  process  where  form,  fit,  function  or  suitability  for  use  are 
altered.  The  supplier  is  recommended  to  consider  cost  characteristics  (if  available)  of  basic  technological 
operations  and  to  draw  on  cross-functional  job  experiences.  The  documentation  should  include,  but  is  not  limited 
to,  the  following: 

a)  Constructing  a  flow  diagram,  or  other  alternative,  that  identifies: 

1)  process  inputs  and  outputs; 

2)  process  flows; 

3)  process  measurement  points  (with  feedfonward  or  feedback  control  loops,  if  appropriate); 

4)  process  return  loops  (for  example,  repair,  rework,  regrinding,  reprocessing,  purdjing,  or  rejections  and 
dropout  of  transactions); 

5)  process  boundaries. 

b)  Identifying  potential  process  parameters,  in-process  product  parameters,  and  final-product  parameters. 
Process  parameters  sometimes  may  affect  product  performance  in  ways  not  measurable  or  observable 
immediately  after  the  operation  occurs.  It  is  always  recommended  that  the  supplier  consider  u$ing  one  or  more 
of  the  following  methods: 

1 )  engineering  judgement; 

2)  controls  applied  downstream  to  measure  process  parameters  whose  effects  are  not  immediately  visible; 

3)  conformance  testing,  repeated  periodically  when  designs  or  materials  change; 

4)  functional  testing  or  accelerated  testing; 

5)  a  system  for  timely  customer  feedback  of  suitability  for  use  on  receipt  of  the  product  by  the  customer. 

c)  Assessing  how  process  and  in-process  product  parameters  may  affect  form.  fit.  function  and  suitability  for  the 
customer's  use;  and  how  time  and  conditions  of  use  either  may  interact  with  these  parameters'  effects,  or  may 
directly  affect  final  product  parameters. 
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d)  Defining  expectations  for  how  the  three  sets  of  parameters  (process,  in-process  product  and  final-product 
parameters)  may  be  related  to  help  identify  omissions  in  the  control  plan. 

e)  Identifying  what  parameters  are  effective  to  measure,  where,  when,  how  often;  identifying  how  the  data  should 
be  used;  identifying  how  the  data  should  be  retained,  if  applicable;  and  by  what  job  function's  responsibility; 
and  understanding  why  certain  parameters  are  chosen.  For  example,  in  automatic  control,  indirectly  and 

directly  controlled  variables  are  distinguished. 

f)  Identifying  what  remaining  parameters  can  only  be  measured  with  attribute  or  count  data  as  the  result,  or  not 
measured  at  all,  to  help  rank  improvements  to  the  measurement  system. 

g)  Stating  in  an  out-of-control  action  plan  what  to  do  about  out-of-control  signals  and/or  process  disturbances: 
reaction  mechanisms,  corrective  actions,  and  responsibilities  for  action  by  specific  job  functions. 

7.2  Definition  of  process  targets  and  limits 

The  supplier  should  document  the  target  values  and  limits  (and/or  method(s)  used  to  arrive  at  them)  of  the  process 
(or  in-process  product)  parameters  beyond  which  the  process  will  produce  unacceptable  or  uneconomic  process 
outputs  or  final  product  parameters.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  Quantifying  target  values  and  operating  limits,  or  identifying  them  with  a  qualitative  description  or  other 
appropriate  sensory  mechanism,  for  example  a  picture,  photograph,  master  sample  or  reference  sample. 

b)  Reviewing  target  values  and/or  operatirig  limits,  including  evaluating  their  adequacy  with  respect  to  both 
customer  needs  and  an  understanding  of  the  process. 

c)  Identifying  problems  that  affect  the  setting  of  targets  and  limits.  Such  identification  helps  the  supplier  rank 
improvements  to  the  customer  feedback  system  or  to  the  system  that  nleasureis  the  accelerated  life  of  a 
product. 

d)  Drawing  on  cross-functional  job  experiences  to  set  targets  and  limits,  especially  those  job  functions  involved  in 
setting  or  adjusting  process  control  parameters  or  in  responding  to  process  disturbances. 

7.3  Measurement  system  evaluation  and  control 

The  supplier  should  periodically  monitor  and  evaluate  the  measurement  system  and  as  appropriate  control  or 
compensate  for  its  variability.  This  action  helps  minimize  the  risks  that  measurement  system  inadequacies  may 
lead  either  to  false  out-of-control  signals  to  the  supplier  or  to  nonconforming  product  received  by  the  customer. 
Measurement  systems  include,  but  are  not  limited  to,  automatic  monitoring  and  control  systems,  manual  tracking 
systems  such  as  survey  instruments,  fixturing  and  test  set  equipment,  automated  transaction  record-keeping 
systems,  and  physical  and  chemical  property  equipment.  Drawing  on  cross-functional  job  experiences,  this  should 
include,  but  is  not  limited  to,  the  following: 

a)  Evaluating  the  adequacy  of  the  measurement  system's  uncertainty  under  the  range  of  conditions  within  which 
the  system  operates.  This  includes,  but  is  not  limited  to: 

—  discrimination; 

—  accuracy; 

—  repeatability; 

—  intermediate  precision; 

—  reproducibility; 

—  linearity; 

—  stability  under  the  range  of  conditions  under  which  the  system  operates; 
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and  should  include,  for  example: 

—  the  use  of  SPC  methods  such  as  control  charts  and  time  series  analyses  to  evaluate  the  measurement 
system; 

—  the  evaluation  of  test  set  and  test  operator  differences  in  bias  and  precision. 

b)  Establishing  criteria  for  acceptable  uncertainty  in  the  measurement  system. 

c)  Periodically  auditing  or  verifying  calibration  of  measurement  system  facilities. 

d)  Documenting  the  conditions  requiring  periodic  verification  of  calibration. 

e)  Where  appropriate,  maintaining  historical  data  of  the  measurement  results  taken  just  before  calibration,  and 
analysing  the  history  to  adjust  calibration  intervals. 

f)  Where  appropriate,  adjusting  calibration  intervals;  and  if  appropriate,  having  procedures  to  identify  when  to 
quarantine  or  recall  product  that  may  severely  deviate  from  target  because  of  a  miscalibrated  or  uncalibrated 
instrument. 

g)  Where  appropriate,  supplementing  the  measurement  system  evaluation  with  tolerance  analyses  based  on 
specification  data  supplied  with  the  measuring  system. 

h)  Documenting  limitations  on  measurement  system  evaluation  and  control.  Care  should  be  taken  to  avoid 
calibrating  the  measurement  system  beyond  the  physical  limits  of  the  technology  or  the  equipment,  as  this  can 
add  to  the  measurement  system  uncertainty. 

7.4  Documented  work  Instructions 

The  supplier  should  document  work  instructions  and  should  draw  on  cross-functional  job  experiences  initially  to 
prepare  and  periodically  to  evaluate  instructions'  adequacy.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  documenting  procedures  for  production,  measurement,  inspection,  test  and  maintenance  processes; 

b)  documenting  procedures  and/or  control  algorithms  for  the  following: 

1 )  setting  up  the  process; 

2)  operating,  monitoring  and  controlling  the  process; 

3)  detecting  deficiencies  in  process  inputs,  control  variables,  and  process  outputs; 

4)  reacting  to  out-of-control  conditions; 

5)  troubleshooting  process  disturbances; 

c)  periodically  reviewing  work  instructions  for  adequacy  and  employee  understanding. 

7.5  Employee  training  and  involvement  in  process  data 

The  supplier  should  ensure  that  all  appropriate  employees  are  trained  in  taking  and  using  process  data.  The 
supplier  should  ensure  that  those  employees  are  involved  in  deciding  what  parameters  to  measure,  and  how  to 
measure,  collect,  interpret,  and  act  on  the  data.  This  data  training  and  involvement  should  include,  but  is  not  limited 
to,  the  following: 

a)  preparing  a  plan  and  instructions  for  data  collection; 

b)  procedures  for  designing,  installing  and  testing  control  systems  and  instrumentation,  and  procedures  for 
sampling,  collecting,  interpreting  and  acting  on  data; 
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c)  identifying  and  acquiring  any  controls,  processes,  inspection  or  monitoring  equipment  or  software,  facilities, 
resources  and  skills  that  may  be  needed  to  obtain  the  required  data  for  process  control; 

d)  updating,  as  necessary,  process  control,  inspection  and  testing  techniques,  including  development  of  new 
instrumentation  or  control  algorithms,  that  inf fuence  data  quality  and  integrity  for  process  control; 

e)  identifying  any  measurement  requirement  that  exceeds  the  known  state  of  the  art  in  process  control,  in  enough 
time  for  the  necessary  measurement  ability  to  be  developed; 

f)  assessing  the  inherent  capability  of  the  measurement  system,  and  its  capability  with  respect  to  the  system  for 
controlling  a  particular  process; 

g)  setting  standards  of  acceptability  and  integrity  of  process  data,  including  those  that  contain  subjective, 
unobservable  or  unmeasurable  elements; 

h)     identifying,  preparing  and  retaining  process  data  records; 

i)      improving  the  integrity,  interpretation  and  analysis  of  process  data  records. 

7.6    Process  data  recording  and  collection 

The  supplier  should  design,  establish,  maintain  and  review  an  appropriate  manual  and/or  automatic  system  for 
recording  histories  of  process  data  or  their  summaries.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  Planning  the  system  to  let  historical  data  be  used  to  identify  causes  of  variation  potentially  assignable  In  the 
process. 

b)  Documenting  sampling  decisions.  This  should  include,  but  is  not  limited  to: 

1)  basis  for  subgrouping,  where  appropriate; 

2)  sample  size; 

3)  sampling  frequency  relative  to  throughput  and  cycle  time,  including  quantities  processed  between 
successive  samples; 

4)  sampling  stratification; 

5)  randomization  strategies; 

6)  sampling  location; 

7)  sampling  responsibilities; 

8)  order  of  measurement,  with  respect  to  the  order  of  production; 

9)  periodic  review  of  sampling  decisions. 

c)  Defining  what  summary  data  should  be  retained  to  identify  and  correlate  patterns  of  variation  with  assignable 
causes,  particulariy  those  visible  only  with  longer  histories,  such  as  seasonal  patterns;  and  establishing  and 
maintaining  retention  times  and  retention  systems  for  those  summary  data. 

d)  Periodically  auditing  the  record-keeping  system,  including  adherence  to  sampling  decisions. 
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7.7  Traceability  and  production  sequence  identification 

The  supplier  should  define,  establish  and  maintain  appropriate  mechanisms  for  product  traceability  and  production 
sequence  identification.  Drawing  on  cross-functional  job  experiences  to  do  these  functions,  especially  those 
functions  involved  in  setting  or  adjusting  iprocess  control  parameters  or  in  responding  to  process  disturbances,  this 
should  include,  but  is  not  limited  to,  the  following: 

a)  Identifying  as  appropriate  the  sequencing  of  the  product  and/or  process  outputs. 

b)  Developing  as  appropriate  the  ability  of  the  customer  to  relate  suitability  of  use  to  the  sequence  of  production. 

c)  Identifying  as  appropriate  the  source  of  process  inputs,  such  as  the  materials,  labour,  and  facilities  used  to 
produce  a  quantity  of  outputs  from  the  process.  This  may  include  maintaining  the  ability  to  trace  sources  of 
process  disturbances  and/or  conditions  or  settings  of  the  facilities  jn  use  at  the  time  the  output  was  produced, 
and  establishing  associated  record  retention. 

d)  Maintaining  a  system  for  documenting  deviations  of  practice  from  this  requirement,  to  help  identify  assignable 
causes  of  variation  not  currently  being  monitored. 

e)  As  appropriate,  maintaining  a  sample  or  summary  data  of  process  outputs,  at  least  until  suitability  for  use  can 
be  verified,  or  for  a  defined  retention  period  deemed  appropriate  by  the  supplier. 

f)  As  appropriate,  requiring  traceability  and  identification  of  production  sequences  in  subcontractors'  supply 
streams. 

7.8  Subcontractor  performance  evaluation 

The  supplier  should  define,  establish  and  maintain  a  system  for  acquiring  information  about  variation  of  parameters 
within  incoming  product.  This  should  include,  where  appropriate  and  economically  practical: 

a)  Evaluating  the  subcontractor's  process  performance  and  assuring  the  subcontractor's  process  control  system 
satisfies  appropriate  elements  of  this  part  of  ISO  1 1462. 

b)  Tracing  performance  measures  to  specific  deliveries  of  products,  services  or  transactions. 

c)  Evaluating  and  communicating  the  subcontractor's  control  plan,  and  changes  in  the  subcontractor's  process,  to 
the  supplier.  Care  should  be  taken  to  maintain  and  update  the  control  plan. 

d)  Determining  the  subcontractor's  process  capability. 

7.9  Process  input  sequencing 

The  supplier  should  establish  and  maintain  as  appropriate  a  system  for  using  inputs  to  the  process,  such  as 
materials  and/or  data,  in  the  same  time  order  or  sequence  in  which  they  were  produced.  This  should  include,  but  is 
not  limited  to,  the  following: 

a)  Documenting  when  resource  inputs  are  known  or  suspected  to  be  mixed  together  in  an  inseparable  way. 
Knowing  what  is  in  order  of  production  and  what  is  not  in  order  of  production  is  important,  because  a  common 
or  apparently  random  cause  of  variation  at  the  early  stage  of  a  process  may  turn  out  to  be  a  special  or 
assignable  cause  of  variation. 

b)  Setting  up  a  system  to  document  and  review  deviations  of  practice  from  the  established  system,  to  help 
Identify  potential  sources  of  repetitive  process  disturbances  and  significant  process  events. 

The  supplier  Is  recorrimended  to  draw  on  cross-functional  job  experiences,  especially  those  involved  in  purchasing, 
ordering,  storing,  receiving,  handling,  scheduling  and  putting  resources  Into  the  process. 
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7.10  Process  logs 

The  supplier  should  establish,  maintain  and  document  process  logging  systems  for  recording  significant  process 
disturbances  as  they  occur,  appropriate  process  adjustments,  and  operational  changes  made  to  the  process.  This 
is  intended  to  help  identify  longer  run  patterns  in  the  process  and  to  understand  patterns  of  adjustments  to  and 
interventions  in  the  process.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  recording  significant  process  disturbances  in  the  sequences  that  they  occurred  and.  where  appropriate, 
associating  them  with  the  timing  or  sequence  of  process  outputs; 

b)  recording  operational  changes  or  adjustments  to  the  process  (or  where  appropriate,  the  magnitude  of 
adjustment  to  manipulated  variableis  or  of  in-process  parameters),  adjustments  to  the  measurement  system,  or 
adjustments  to  the  control  system,  in  the  sequences  that  they  occurred; 

c)  where  appropriate,  associating  changes  to  the  process  with  the  timing  or  sequence  of  process  outputs,  and 
with  any  potential  change  in  final-product  parameter(s); 

d)  using  the  data  from  process  logs  to  identify  what  causes  of  process  disturbances  might  possibly  be  minimized, 
and  to  evaluate  the  potential  gains  from  minimizing  particular  causes  of  disturbances; 

e)  using  the  data  from  process  logs  to  identify  and  reduce  process  over-adjustments,  defined  as  compensations 
for  variations  in  the  process  that  themselves  increase  the  variation  in  the  process. 

7.11  Process  reliability 

The  supplier  should  establish  and  maintain  a  process  maintenance  and  reliability  system  for  designing,  testing, 
validating  and  repairing  equipment  and  documenting  supporting  procedures.  In  the  sub-elements  listed  below. 
"equipment"  includes  machines,  tools,  gages,  measuring  systems,  electronic  systems  and  software.  The  supplier's 
process  reliability  system  should  begin  with  the  concept  and  system  requirements  phase,  continue  in  the 
design/development  phase,  and  persist  through  the  equipment  build,  operation  and  support  phases.  This  should 
include,  but  is  not  limited  to,  the  following: 

a)  Defining  requirements  for  equipment  durability,  reliability,  maintainability  and  availability,  and  specifying 
appropriate  indices  for  monitoring  failure  and  repair  performance,  such  as  mean  time  to  failure,  mean  time 
between  failures,  and  mean  time  to  restoration  or  repair. 

b)  Performing  failure  modes  and  effects  analysis  (FMEA)  and  failure  or  fault  analysis  for  equipment,  systems, 
designs,  and  processes,  as  appropriate,  repeating  the  analyses  as  changes  are  made  to  them.  These  efforts 

involve: 

1)  identifying  potential  failure  modes  and  their  effects  on  the  performance  of  production  facilities  used  in  the 
process,  such  as  systems  and  subassemblies  or  components; 

2)  rating  the  severity  of  their  effects; 

3)  identifying  parameters  that  are  significant  characteristics  and/or  reliability-affecting  parameters; 

4)  rank-ordering  potential  design  and  process  deficiencies; 

5)  helping  personnel  focus  on  eliminating  product  and  process  concerns,  and  preventing  problems  from 
occurring  that  repeatedly  disturb  the  process; 

c)  Collecting  reliability  data  during  acceptance  testing  of  equipment,  and  using  those  data  to  develop  a  reliability 
baseline,  or  starting  point  for  process  reliability  growth  through  continuous  improvement; 

d)  Implementing  an  appropriate  data  collection  and  feedback  system  for  recording  failure  and  repair  perfomriance 
indices;  analysing  that  system  for  root  causes  of  process  disturbances  and  product  variation;  setting  up 
procedures  for  acting  on  the  results  of  analysis;  conducting  equipment  design  review  and  taking  appropriate 

corrective  action. 


11 


IS    15202  (  Part  1  )  :  2002 
ISO    11462-1  :2001 


7.12  Process  output  monitoring  system 

The  supplier  should  define,  establish  and  maintain  a  system  for  monitoring  process  outputs.  This  should  include, 
but  is  not  limited  to.  the  following: 

a)  tracking  process  outputs  over  time,  and  noting  in  the  process  data-collection  system  any  significant  process 
disturbances  and,  if  appropriate,  process  adjustments; 

b)  investigating  apparently  favourable  process  output  measurements,  and.  if  validated,  considering  a  process 
adjustment  that  captures  and  capitalizes  on  chance  excellence  (a  highly  favourable  process  output); 

c)  comparing  process  output  with  target  values,  and  specification  and/or  operating  limits  (the  latter  sometimes 
statistically  determined); 

d)  initiating  a  reaction  to  any  important  deviation  found; 

e)  analysing  histories  of  process  outputs  with  feedback  of  the  results  to  those  who  can  effect  change. 

7.13  Process  control  system 

The  supplier  should  establish  and  maintain  a  statistical,  algorithmk:,  and/or  model-based  process  control  system  for 
monitoring  and  controlling  appropriate  process  parameters,  in-process  product  parameters,  and  final  product 
parameters.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  making  operational  the  control  plan  and  its  supporting  systems  for  data  collection  and  recording,  process  input 
sequencing,  process  monitoring,  and  process  logging; 

b)  defining  who  has  responsibility  for  reacting  to  out-of-control  conditions; 

c)  if  a  parameter  is  outside  its  limits  of  control  (these  may  be  statistical,  algorithmic,  or  model-based)  or  if 
undesirable  patterns  are  detected,  taking  a  corrective  or  control  action; 

d)  taking  action  to  prevent  nonconforming  outputs  from  reaching  the  customer; 

e)  analysing  historical  data  on  process  parameters,  in-process  product  parameters,  and  final-product  parameters, 
with  feedback  of  the  results  to  those  who  can  effect  change; 

f)  using  results  from  this  system  to  review  periodrcally  th^  control  plan  and  its  supporting  system,  and  to  improve 
its  ability  to  reduce  variation  and  its  suitability  to  satisfy  customer  needs. 

7.14  Short-term  variability  assessment 

"Short-term  variability"  results  from  changes  over  a  short  period  of  time  in  the  values  or  levels  of  one  or  a  few 
production  factors;  while  other  factors  remain  practically  at  unchanged  values  or  levels  over  this  same  time  period. 

The  supplier  should  assess  short-term  process  variability  of  process  parameters,  in-process  product  parameters, 
and  final-product  parameters,  as  appropriate.  This  should  include,  but  is  not  limited  to,  one  or  more  of  the  following: 

a)  Examining  the  process  data  in  the  sequence  in  which  they  were  produced,  to  see  how  they  vary  over  a  short 
time. 

b)  Evaluating  the  distribution  of  the  data  and  the  amount  of  variation  in  the  data. 

c)  Exploring  the  data  for  patterns  of  variation  within  and,  as  appropriate,  between  groups  in  the  data  (such  as 
those  defined  by  time,  shift,  setup,  operator,  batch,  material  lots,  output  lots),  to  help  set  the  best  sampling 
strategy  for  the  process. 
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d)  Identifying  relationships  between  process  parameters,  in-process  product  parameters  and,  where  appropriate, 
final-product  parameters,  to  help  choose  a  process  control  strategy  and  to  identify  assignable  causes  of 
variation  in  the  process. 

e)  Limiting  the  factors  likely  to  contribute  to  the  process  parameter's  variation,  to  isolate  the  effect  of  a  changed 
value  or  level  in  a  single  factor  (or  the  few  factors)  varying  in  the  short  term  and  whose  short-term  variability  is 
of  interest. 

Where  appropriate,  the  supplier  additionally  should  consider: 

f)  Assessing  the  variability  of  new  process  inputs,  such  as  people,  machines  and  materials,  for  example,  as 
preconditions  for  acceptance. 

g)  Conducting  systematically  designed  test  runs  using  small  amounts  of  sample  data  collected  in  a  short  period  of 
time,  usually  carried  out  under  pre-production  or  pilot  conditions. 

NOTE  Such  test  runs  are  used  to  obsen/e  process  and  product  parameters'  changes  and  interrelationships,  assess 
machine  or  test  equipment  capability,  or  isolate  the  variability  of  one  or  more  factors  of  production. 

h)  Operating  the  process  under  usual  production  practices  and  conditions,  and  with  customary  adherence  to 
documented  operating  procedures,  to  help  assess  the  potential  process  variability. 

"'HO; 

i)  Recording  assignable  causes  of  variation,  including  identifying  those  causes  whose  elimination  is  currently 
limited  (for  example,  by  technology  or  contractual  agreements). 

j)  Recording  possible  factors  whose  effects  are  not  measured  in  the  data  (e.g.  because  the  data  were  collected 
in  only  one  shift)  or  that  are  not  currently  measurable  (e.g.  because  of  technology  dr  contractual  agreements). 
This  is  done  so  as  to  help  identify  potential  assignable  causes  of  variation  missing  from  the  process  data 
routinely  collected. 

7.15  Long-term  variability  assessment 

Long-term  variability  means  that  the  values  or  levels  of  additional  factors  can  potentially  vary  over  a  long  period  of 
time,  whether  they  are  directly  controllable  or  able  to  be  manipulated  by  the  supplier.  Usually,  long-term  process 
variability  is  larger  than  short-term  variability. 

Once  all  known  assignable  causes  of  variation  have  been  eliminated  and  the  process  is  in  a  state  of  statistical 
control,  the  supplier  should  assess  long-term  capability  and  performance  of  process  parameters,  in-process 
product  parameters,  and  final  product  parameters,  as  appropriate.  This  requires,  where  practical,  operating  the 
process  under  conditions  that  allow  factors  likely  to  contribute  to  process  variation  to  be  reflected  in  process 
outputs.  This  should  include,  but  is  not  limited  to.  one  or  more  of  the  following: 

a)  Examining  the  data  in  the  sequence  that  they  were  produced,  to  see  how  they  vary  over  a  long  period  of  time 
when  alt  factors  may  vary,  for  example,  using  a  plot,  a  control  chart  or  a  GUSUM  (cumulative  sum)  chart,  of 
parameter  values  against  time  produced  or  time  tested. 

b)  Evaluating  the  distribution  of  the  data  and  the  amount  of  variation  in  the  data  taken  over  a  long  period  of  time 
when  the  process  is  in  a  state  of  statistical  control. 

c)  Identifying  patterns  of  variation  within  and.  as  appropriate,  between  groups  observable  in  the  data  over  a  long 
period  of  time,  to  help  make  long-term  process  improvements  requiring  capital  investments  or  technological  or 
contractual  changes. 

d)  Identifying  relationships  between  process  parameters,  in-process  product  parameters  and,  where  appropriate, 
final-product  parameters,  to  help  choose  a  process  control  strategy  and  to  identify  assignable  causes  of 
variation  in  the  process  observable  over  the  long  ternn. 

e)  Assessing  process  capability  and  performance. 
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Where  appropriate,  the  supplier  additionally  should  consider: 

1)  Identifying  causes  of  variation  whose  elimination  is  currently  limited,  for  example  by  technology  or  contractual 
agreements. 

g)  Identifying  important  factors  whose  effects  are  currently  unmeasured,  or  whose  operating  range  is  constrained, 
so  as  to  help  identify  potential  assignable  causes  of  variation  missing  from  the  assessment  of  the  long-term 
process  variability. 

7.16  Communicating  the  results  of  process  analyses 

To  reduce  pre-production  costs,  accelerate  new  product  introduction,  and  eliminate  unnecessary  operations,  the 
supplier  should  design,  establish  and  maintain  methods  for  communicating  the  results  of  process  monitoring, 
performance  assessment,  and  analysis: 

a)  to  those  who  operate  and  engineer  the  process; 

b)  to  those  in  design  and  development; 

c)  to  customers; 

d)  to  internal  suppliers  or  to  subcontractors; 

e)  to  management. 

7.17  Customer  information  system 

Where  economically  practical,  the  supplier  should  define,  establish  and  maintain  an  information  system  or  other 
appropriate  mechanism  that  feeds  back  to  the  supplier  the  product's  suitability  for  use  by  the  customer.  This  should 
include,  as  appropriate: 

a)  recording  consistency,  suitability  for  use,  and/or  durability,  either  by  direct  measurement  or  by  an  indirect 
mechanism  (for  example,  competitive  benchmarking,  one-time  surveying,  third-party  sampling,  use  or 
accelerated  testing,  or  reverse  engineering); 

b)  using  information  from  these  records  to  improve  the  process  and/or  product; 

c)  documenting  the  system  of  measurement  used. 

7.18  Internal  SRC  audits 

The  supplier  should  measure  progress  made  in  implementing  SRC.  This  should  be  achieved  by  periodically 
auditing  the  process  against  defined,  established  and  documented  criteria  recommended  as  elements  of  SRC  in 
this  part  of  ISO  11 462.  To  avoid  conflict  of  interest,  personnel  who  administer,  conduct,  or  evaluate  an  internal  SRC 
audit  should  have  responsibilities  independent  of  those  that  affect  the  SPG  system  being  audited.  The  internal  SRC 
audit  should  include  verifying  that; 

a)  the  process  control  plan  is  being  implemented; 

b)  process  data  are  being  collected  and  used  as  intended; 

c)  process  controls  are  effective; 

d)  corrective  or  control  actions  ate  being  taken  to  prevent  repetitive  process  disturbances,  and  checks  are  being 
done  to  make  sure  the  actions  taken  are  effective,  as  appropriate; 

e)  work  instructions  exist  for  every  operation,  as  appropriate; 

f)  work  is  being  done  consistently  according  to  documented  instructions. 
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7-19  SPC  projects  and  teams 

To  implement  SPC  most  effectively,  the  supplier  should  plan  and  establish  projects  and,  as  appropriate,  conduct 
them  using  teams  composed  of  members  with  cross-functional  job  experience.  For  example,  an  equipment  design 
improvement  may  be  broken  down  into  projects  aimed  to  reduce  variation  in  final-product  parameters  of  the  most 
critical  subassemblies;  or  a  linear  production  process  may  be  broken  down  into  projects  to  reduce  variation  in  each 
stage  of  the  supply  chain,  even  if  stages  are  in  different  shops  or  firms. 

7.20  Process  improvement,  optimization  and  troubleshooting 

After  removing  all  known  and  removable  assignable  causes  of  variation  from  the  process  and  ranking  processes  for 
improvement,  the  supplier  should  use  the  results  of  process  monitoring,  experimentation,  performance 
assessment,  and  analysis  to  make  corrective  and  control  actions  as  well  as  process  improvements,  with  the  aim  of 
achieving  the  best  economic  target.  This  should  include,  but  is  not  limited  to,  the  following: 

a)  process  improvement  to  reduce  random  causes  of  variation,  after  preventing  assignable  causes  of  variation 
from  affecting  the  process; 

b)  process  optimization  to  prevent  assignable  causes  of  variation  from  affecting  the  process  and  to  set  better 
process  parameter  values; 

c)  process  troubleshooting  and  investigation  to  reduce  the  effects  of  special  process  events  and  disturbances. 

With  the  completion  of  all  applicable  SPC  elements,  the  supplier  should  check  progress  toward  complete 
achievement  of  the  three  SPC  objectives  and  then  re-apply  the  twenty  SPC  elements  as  appropriate. 
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Annex  A 

(normative) 

Terms  and  definitions 


A.1 

accelerated  testing 

test  in  which  the  applied  stress  level  is  chosen  to  exceed  that  stated  in  the  reference  conditions  in  order  to  shorten 
the  duration  required  to  observe  the  stress  response  of  the  item,  or  to  magnify  the  response  in  a  given  time 
duration 

NOTE  To  be  valid,  an  accelerated  test  shall  not  alter  the  basic  failure  modes  and  failure  mechanisms,  or  their  relative 

prevalence. 

A.2 

acceptance  testing 

test  to  prove  to  the  customer  that  the  device  meets  certain  conditions  of  its  specification 

A.3 

algorithmic  process  control 

control  of  a  series  of  operations  which  perform  a  transformation,  e.g.  physical  or  chemical,  or  a  series  of  such 
transformations,  based  on  a  control  algorithm  for  the  solution  of  a  control  problem  in  a  finite  series  of  steps 

A.4 
attributes  data 

recordings  of  the  presence  (or  absence)  of  some  characteristic  or  attribute  in  each  of  the  items  in  the  group  under 
consideration,  and  counting  how  many  items  do  (or  do  not)  possess  the  attribute,  or  how  many  such  events  occur 
in  the  item,  group  or  area 

NOTE  An  example  of  attributes  data  in  acceptance  sampling  is  the  proportion  of  nonconforming  items. 

A.5 

automatic  control 

system  in  which  deliberate  guidance  or  manipulation  is  used  to  achieve  a  prescribed  value  of  a  variable 

A.6 
conformance  test 

test  made  to  determine  directly  or  indirectly  that  relevant  requirements  for  selected  performance  characteristics  of  a 
product  (or  representative  samples  thereof)  are  fulfilled 

A.7 

control  action 

within  a  control  element  or  a  controlling  system,  the  nature  of  change  of  the  output  effected  by  the  input 

NOTE  In  the  context  of  control  engineering,  the  output  may  be  a  signal  or  the  value  of  a  manipulated  variable.  The  input 

may  be  the  control  loop  feedback  signal  when  the  command  is  constant,  an  actuating  signal  or  the  output  of  another  control 
element.  One  use  of  control  action  is  to  effect  compensation. 

A.8 

control  algorithm 

genera!  computational  procedure  that  may  include  instructions,  limits,  and  equations  representing  functional 
relationships  in  the  controlling  elements,  with  the  purpose  of  controlling  a  series  of  operations  that  perform  a 
transformation  or  a  series  of  such  transformations 

NOTE  In  control  applications,  an  algorithm  usually  defines  the  functional  relationship  existing  between  the  manipulated 

variable  and  the  actuating  or  error  signal. 
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A.9 
control  loop 

assembly  of  elements  comprising  a  comparing  element,  the  corresponding  feedforward  control  path  and  the 
corresponding  feedback  control  path 

NOTE  See  feedforward  control;  feedback  control. 

A.10 
control  plan 

written  description  of  the  system  used  for  controlling  product(s)  and/or  process(es) 

NOTE  For  example,  a  control  plan  is  written  by  a  supplier  to  state  how  important  characteristics  and  engineering 

requirements  of  the  product  are  controlled.  Each  part  can  have  a  control  plan,  but  in  many  cases,  family  control  plans  can  cover 
a  number  of  parts  produced  using  a  common  process.  Customer  approval  of  control  plans  may  be  required  prior  to  production 
part  submission. 

A.11 

control  system 

system  in  which  a  desired  effect  is  achieved  by  operating  on  the  various  inputs  to  the  system  until  the  output,  which 
is  a  measure  of  the  desired  effect,  falls  within  an  acceptable  range  of  values 

A,12 
controllable 

property  of  a  component  of  a  state  whereby,  given  an  initial  value  of  the  component  at  a  given  time,  there  exists  a 
control  input  that  can  change  this  value  to  any  other  value  at  a  later  time 

A.I  3 
count  data 

recordings  of  numbers  of  occurrences  in  some  form 

A.I  4 

critical  characteristic 

A.14.1 

critical  characteristic 

(general)  characteristic  applicable  to  a  component,  material,  assembly  or  assembly  operation  designated  by  the 
supplier  as  being  critical  to  the  part  function  and  having  particular  quality,  reliability  and/or  durability  performance 

A.I  4.2 

critical  characteristic 

(regulatory  or  safety)  product  requirements  (dimensions,  performance  tests)  or  process  parameters  that  can  affect 
compliance  with  government  regulations  or  safe  product  function  and  which  require  specific  supplier,  assembly, 
shipping,  or  monitohng  and  inclusion  in  control  plans 

A.14.3 

critical  characteristic 

(safety  or  tactical  function)  characteristic  that  judgement  and  experience  indicate  is  necessary  to  be  met  so  as  to 
avoid  hazardous  or  unsafe  conditions  for  individuals  using,  maintaining,  or  depending  upon  the  product;  or  that 
judgement  and  experience  indicate  is  necessary  to  be  met  to  assure  performance  of  the  tactical  function  of  a  major 
item,  such  as  a  ship,  aircraft,  tank,  missile,  or  space  vehicle 

A.I  5 

cross-functional  job  experience 

knowledge  and  skills  acquired  through  formal  or  on-the-job  training  In  different  responsibilities,  departments  or 
employments  that  affect  or  are  affected  by  a  process 

A.16 

design  review 

formal  and  independent  examination  of  an  existing  or  proposed  design  for  the  purpose  of  detection  and  remedy  of 
deficiencies  in  the  requirements  and  design  which  can  possibly  affect  such  things  as  reliability  performance, 
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maintainability  performance,  maintenance  support  performance  requirements,  fitness  for  the  purpose  and  the 
identification  of  potential  improvements 

NOTE  Design  review  by  itself  is  not  sufficient  to  ensure  proper  design. 

A.17 

directly  controlled  variable 

variable  in  a  feedback  control  system  whose  value  is  sensed  to  originate  the  primary  feedback  signal 

A.18 
failure 

termination  of  the  ability  of  an  item  to  perform  a  required  function 

A.19 

failure  modes  and  effects  analysis 

FMEA 

identification  of  significant  failures,  irrespective  of  cause,  and  their  consequences  including  electrical  and 
mechanical  failures  that  can  conceivably  occur  under  specified  service  conditions  and  their  effect,  if  any,  on 
adjoining  circuitry  or  mechanical  interfaces  displayed  in  a  table,  chart,  fault  tree  or  other  format 

NOTE  This   includes  failures   in   non-electrical   and   non-mechanical   processes,   such   as  software   and   information 

transactions. 

A.20 

failure  analysis 

logical,  systematic  examination  of  a  failed  item  to  identify  and  analyse  the  failure  mechanism,  the  failure  cause  and 
the  consequences  of  failure 

A.21 

fault  analysis 

logical,  systematic  examination  of  an  item  to  identify  and  analyse  the  probability,  causes  and  consequences  of 
potential  faults 

A.22 

feedback  control 

control  in  which  the  control  action  is  made  to  depend  on  the  measurement  of  the  controlled  variable 

A.23 

feedforward  control 

sending  of  a  signal  from  input  to  output  or  from  one  point  in  the  process  to  a  subsequent  point 

A.24 

final-product  parameter 

any  specific  variable  affecting  or  describing  the  measurable  or  theoretical  features  of  an  output  to  a  process 

NOTE  1  It  may  either  act  independently  (e.g.  product  mass)  or  depend  upon  some  functional  interaction  of  other  variables 
(e.g.  ice  cream  volume  as  a  function  of  air  content,  temperature,  and  butterfat  percentage). 

NOTE  2  A  supplier's  final-product  parameter  may  be  treated  as  a  process  parameter  or  in-process  product  parameter  by  the 
next  supplier  downstream. 

NOTE  3  Under  specified  conditions,  "final  product  parameter^  is  equivalent  to  "product  characteristic".  An  example  of 
"specified  conditions"  follows,  taken  from  the  vehicle  industry. 

EXAMPLE  In  any  type  of  vehicle  industry,  it  is  stated  that  the  vehicle  will  have  a  fuel  consumption  of  30  km/I  (i.e.  product 

characteristic)  under  "standard  testing  conditions".  The  standard  conditions  are  specified,  for  example,  as  follows: 

—  good  road  conditions:  roads  as  dry  as  possible  and  as  well-drained  and  paved  as  possible 

—  surrounding  temperature:  10  °C  to  25  °C 
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—  wind  speed;  5  m/s  to  6  m/s  (max.) 

—  tyre  pressure:  front  4  kg/cm2;  rear  5  kg/cm2 

—  driver's  height:  should  be  greater  than  1 ,8  m 

—  vehicle  speed:  25  km/h  in  top  gear 

—  vehicle  run:  total  running  20  km 

A.25 

functional  testing 

testing  conducted  to  evaluate  the  compliance  of  a  system  or  component  with  specified  functional  requirements 

A.26 

indirectly  controlled  variable 

variable  that  is  not  directly  measured  for  control  but  that  is  related  to,  and  influenced  by,  the  directly  controlled 
variable 

A.27 

in-process  product  parameter 

any  specific  variable  affecting  or  describing  the  measurable  or  theoretical  features  taken  within  the  process  on  the 
unit  being  transformed  from  input(s)  to  output 

NOTE  It  may  either  act  independently  (e.g.  product  temperature)  or  depend  upon  some  functional  interaction  of  other 
variables  (e.g.  pressure  in  an  encapsulated  product  as  a  function  of  load,  particulate  mass,  and  chamber  deflection). 

A.28 

manipulated  variable 

quantity  or  condition  that  is  varied  as  a  function  of  the  actuating  signal  so  as  to  change  the  value  of  the  directly 
controlled  variable 

NOTE  In  any  practical  control  system,  there  may  be  more  than  one  manipulated  variable.  Accordingly,  when  using  the  term 
it  is  necessary  to  state  which  manipulated  variable  is  being  discussed.  In  process  control  work,  the  one  immediately  preceding 
the  directly  controlled  system  is  usually  intended. 

A.29 

mean  time  between  failure 

instantaneous  rate  of  failures  or  average  time  between  failure  events,  often  expressed  as  one  divided  by  the 
hazard  rate 

A.30 

mean  time  to  failure 

expectation  of  the  time  to  failure 

A.31 

mean  time  to  repair 

expectation  of  the  time  to  repair 

A.32 

mean  time  to  restoration 

expectation  of  the  time  to  restoration 

A.33 
parameter 

any  specific  variable  affecting  or  describing  the  measurable  or  theoretical  features  of  an  input  or  an  output  to  a 
process 

NOTE  1       It  may  either  act  independently  or  depend  upon  some  functional  interaction  of  other  variables. 

NOTE  2       In  statistics  it  is  generally  defined  as  a  quantity  used  in  describing  the  probability  distribution  of  a  random  variable. 
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A.34 
performance  Index 

mathematical  expression  which  characterizes  the  quality  of  control  under  specified  conditions 

A.35 

process  boundary 

division  point  or  limit  between  a  set  of  operations  that  produce  one  output  that  in  turn  can  be  used  as  an  input  to 
the  next  set  of  operations  that  produce  the  next  output 

NOTE  Proper  definition  of  a  process  boundary  where  the  output  is  complete  depends  on  an  understanding  of  how  specific 

conditions  of  measurement  and/or  use  affect  the  final-product  parameters. 

A.36 

process  control  system  element 

one  or  more  basic  elements  with  other  components  and  necessary  parts  to  form  ail  or  a  significant  part  of  one  of 
the  general  functional  groups  into  which  a  process  control  system  can  be  classified 

NOTE  Although  a  system  element  should  be  functionally  distinct  from  other  such  elements,  it  is  not  necessarily  a  separate 

means  of  process  control. 

A.37 

process  disturbance 

any  undesired  and  most  frequently  unpredictable  change  to  the  process 

A.38 

process  operating  limit 

prescribed  maximum  and/or  minimum  value  characterizing  a  process  when  running  at  an  acceptable  or  functional 

performance  level 

A.39 

process  parameter 

any  specific  variable  affecting  or  describing  the  measurable  or  theoretical  features  of  an  input  to  a  process 

NOTE  It  may  either  act  independently  (e.g.  temperature)  or  depend  upon  stome  functional  interaction  of  other  variables 

(e.g.  metal  heat  treatment  time  as  a  function  of  oil  grade  and  furnace  temperature). 

A.40 

process  return  loop 

path  in  a  process  in  which  partly  processed  inputs  or  semi-finished  products  go  back  to  an  earlier  stage  of 
processing;  in  the  case  of  discrete  products,  for  example,  through  a  rework  and  repair  loop,  and  in  the  case  of 
continuous  and  batch  products,  for  example,  through  a  purge  and  regrind  operation 

A.41 

production  sequence  identification 

physical,  mechanical  or  electronic  means,  or  a  historical  recording,  for  identifying  the  chronological  order  in  which 
the  outputs  of  a  process  are  produced 

A.42 

reverse  engineering 

application  of  a  systematic,  disciplined,  quantifiable  approach  to  determining  how  a  completed  product  from  a 
process  or  series  of  processes  was  made  and/or  designed,  for  example  through  breakdown  of  a  finished  product 
unit  into  its  subassemblies  and  elements 

A.43 

significant  characteristic 

properly  of  a  product  deemed  important  and  which  can  be  considered  to  be,  for  example  either  special,  critical, 
major,  minor,  key,  etc.,  depending  on  the  industry  or  field  of  application 

NOTE  See  also  parameter  (A.33). 
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EXAMPLES  Typical  examples  of  some  criteria  used  in  the  U.S.  auto  industry  and  the  electronics  and  aerospace  industry  for 
selection  of  parameters  follow: 

a)  special  characteristic:  Product  and  process  characteristics  designated  by  the  customer,  including  governmental  regulatory 
and  safety,  and/or  selected  by  the  supplier  through  knowledge  of  the  product  and  process. 

b)  critical  characteristic:  As  defined  in  A.  14.1  and  A.  14.2. 

c)  major  characteristic:  A  characteristic,  other  than  critical,  that  must  be  met  to  avoid  failure  or  material  reduction  of  usability 
of  the  unit  of  product  for  intended  purpose. 

d)  minor  characteristic.  A  characteristic,  other  than  critical  or  major,  whose  departure  from  its  specification  requirement  is  not 
likely  to  reduce  materially  the  usability  of  the  unit  of  product  for  its  intended  purpose,  or  whose  departure  from  established 
standards  has  little  bearing  on  the  effective  use  or  operation  of  the  unit. 

e)  key  control  characteristic:  That  process  parameter  for  which  variation  is  to  be  controlled  around  a  target  value  to  ensure 
that  a  significant  characteristic  is  maintained  at  its  target  value.  Key  control  characteristics  require  ongoing  monitoring 
according  to  an  approved  control  plan  and  should  be  considered  as  candidates  for  process  improvement. 

f)  key  product  characteristic:  That  product  feature  that  affects  subsequent  operations,  product  function,  or  customer 
satisfaction.  Key  product  characteristics  are  established  by  the  customer  engineer,  quality  representative,  and  supplier 
personnel  from  a  review  of  the  design  and  process  FMEAs  and  need  be  included  by  the  supplier  in  the  control  plan.  Any 
key  product  characteristics  Included  in  customer-released  engineering  requirements  are  provided  as  a  starting  point  and  do 
not  affect  the  supplier's  responsibility  to  review  all  aspects  of  the  design,  manufacturing  process,  and  customer  application 
and  to  determine  additional  key  product  characteristics. 

A.44 

Statistical  process  control 

use  of  statistical  techniques  and/or  statistical  or  stochastic  control  algorithms  to  achieve  one  or  more  of  the 
following  objectives: 

a)  to  increase  knowledge  about  the  process; 

b)  to  steer  a  process  to  behave  In  the  desired  way; 

c)  to  reduce  variation  of  final-product  parameters,  or  in  other  ways  Improve  performance  of  a  process 

NOTE  1  SPC  operates  most  efficiently  by  controlling  variation  of  a  process  parameter  or  an  in-process  product  parameter 
that  is  correlated  with  a  final-product  parameter;  and/or  by  Increasing  the  process's  robustness  against  this  variation.  A 
supplier's  final-product  parameter  may  be  a  process  parameter  to  the  next  downstream  supplier's  process. 

NOTE  2  Although  SPC  is  concerned  with  manufactured  goods,  it  is  also  applicable  to  processes  producing  services  or 
transactions  (for  example,  those  Involving  data,  software,  communications,  or  movement  of  material). 

A.45 
summary  data 

aggregation  of  two  or  more  data  Items  into  a  unit 

A.46 
system 

set  of  interdependent  elements  constituted  to  achieve  a  given  objective  by  performing  a  specified  function 

NOTE  The  system  is  considered  to  be  separated  from  the  environment  and  other  external  systems  by  an  imaginary 
surface  which  cuts  the  links  between  them  and  the  considered  system.  Through  these  links,  the  system  is  affected  by  the 
environment,  is  acted  upon  by  the  external  systems,  or  acts  itself  on  the  environment  of  the  external  systems. 

A.47 
variable 

quantity  or  condition  whose  value  may  be  subject  to  change  and  can  usually  be  me&sured 


21 


IS    15202  (  Part  1  )  :  2002 
ISO    11462-1  :  2001 


A.48 
variables  data 

recordings  of  the  numerical  magnitude  of  a  characteristic  for  each  of  the  items  in  the  group  under  consideration; 
this  involves  reference  to  a  continuous  scale  of  some  kind 
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